Abstract-In this research, the Three Level Code Division Multiplexing (TLCDM) over Wavelength Division Multiplexing (WDM) is investigated in optical fiber communication system. The system is simulated using OptiSystem software over two channels at aggregated bit rate of 10 Gbps. The simulation results show that the system is able to perform BER less than 10 −9 with 0 dBm input power up to 142 km of optical communication system.
I. INTRODUCTION
Multiplexing technique, dispersion management and modulation format are given much attention to achieve better transmission performance in long distance transmission. Meanwhile, dispersion management technique improves the performance for long haul optical fiber communication system to restore the distortion signal that caused by fiber dispersion.
Wavelength Division Multiplexing (WDM) is one of the multiplexing techniques in long distance optical communication system nowadays. Recently, the performance of Three Level Code Division Multiplexing (TLCDM) is investigated for the high speed optical fiber communication system. TL-CDM technique with dispersion management has advantages over Duty Cycle Division Multiplexing (DCDM) in order to support multiple users per channel in WDM system [1] . Three Level Code Division Multiplexing (TLCDM) is developed in this project which combines two data stream to double the bandwidth of WDM efficiency.
TLCDM had been developed in reference [2] which had advantage over RZ and NRZ line coding in doubling capacity at lower frequency and smaller bandwidth. In research [1] , TLCDM has great benefit over NRZ system which can perform better in dispersion tolerance. It is also noticed that TLCDM system can provide higher number of users using WDM technique. However, the potential of TLCDM data to be carried over Wavelength Division Multiplexing (WDM) system has not yet been investigated.
Meanwhile, WDM system is the main multiplexing technique in optical fiber transmission. It uses optical fibers for long distance communication and known to suffer loss due to dispersion and attenuation [3] , [4] . The solution to reduce the loss of attenuation is by using optical amplifier [5] . In this project, the performance of dispersion compensation in TLCDM over WDM system will be investigated. In order to compensate the dispersion in optical fiber, dispersion compensation fiber (DCF) is used [6] . The distance performance for the TLCDM over WDM system will also be discussed and observed for long haul transmission system. Fig. 1 shows the simulation setup for TLCDM over WDM system. By evaluating the design with two channels of frequency at 193.1 THz and 193.3 THz, the performance of TLCDM over WDM is evaluated. The system is simulated using OptiSystem software over two channels at aggregated bit rate of 10 Gbps. Both generators are generated by PRBS at 5 Gbps of bit rate. By using the similar simulation in TLCDM system, both input data in each channel will be combined with electrical adder to form three level signal. Then signal will be modulated on the CW laser at input signal of 0dBm with single MZM. The multiplexer is used in the design to multiplex both channel so the signal can transmit through the optical transmission simultaneously.
II. SIMULATION SETUP
For the receiver part in TLCDM over WDM design, demultiplexer will demultiplex the signal from both channels. Then the optical signal that coming form demultiplexer is filtered by bandpass filter and the signal will be detected by PIN photodetector. After that, the signal will pass through the electrical low pass filter. Lastly, clock and data recovery of TLCDM over WDM design will demultiplex the signal. Fig. 2(a) and (b) show the transmitted spectrum optical signal at the same aggregated bit rate of 10 Gbps of Conventional NRZ over WDM and TLCDM over WDM. According to the Fig. 2(a) and (b) , the transmitted spectrum optical signal is compared between conventional NRZ over WDM system and TLCDM over WDM system. It is also shown that both transmitted optical signal have similar optical spectral width. As shown in Fig. 2(a) , the spectrum of transmitted optical signal of conventional NRZ over WDM are noisier than TLCDM over WDM system. Based on Fig.  2(b) , the transmitted signal in TLCDM over WDM system has similar broadening for both channels at 193.1 THz and 193.3 THz. This can be concluded that the transmitted optical signal of TLCDM over WDM system has less noise compared to the transmitted optical signal of conventional NRZ over WDM system. Therefore, the transmitted signal of TLCDM over WDM is much better than NRZ over WDM. Fig. 3(a) and (b) show the transmitted and received signal of the TLCDM over WDM system at the aggregated bit rate of 10 Gbps. The signal and noise of the system is observed. In this paper, the transmitter is transmitted the signal from combining the data from RZ and NRZ at bit rate of 5 Gbps for each generator. The combined signal is analyzed using oscilloscope. Based on Fig. 33(a) , the transmitted signal has clean signal in a way that the system has zero noise at the transmiter of the system. For the receiver part of the system, the transmitted signal will pass through the optical fiber transmission line in the system. According to Fig. 3(b) , the received signal shows that there is some fluctuated signal which mean that there is some noise at the signal. Fiber lost that cause the noise in the system is affected by optical amplifier, optical fiber and PIN photodetector that detect the signal lost in the system. The noise can be improved by decreasing the distance of the SMF or using Avalanche Photodetector (APD) at higher cost. Fig. 4 shows the receiver sensitivity of 2 × 5 Gbps for TLCDM over WDM system is observed at channel 193.1 THz. The performance of the both levels are evaluated.
III. SIMULATION ANALYSIS
According the the graph in Fig. 4 above, it is shown that the performance of both levels in TLCDM over WDM system are similar as a function of received power. By varying the input Fig. 4 : Receiver sensitivity performance of TLCDM over WDM system signal at -5 dBm, -4 dBm, -3 dBm, -2 dBm, -1 dBm and 0 dBm, it shows that input signal power is directly propotional to the received power in the system. The best performance for lower level of TLCDM over WDM requires received power at -14 dBm to achieve BER at 10 −9 . Then for the upper level of TLCDM over WDM needs around -12.7 dBm to get the ideal performance of BER less than 10 −9 . Fig. 5 exhibits the optimum distance for the system of TLCDM over WDM at the aggregated bit rate of 10 Gbps. Based on the graph in Fig. 5 , it shows that both levels for TLCDM over WDM system have slightly similar performance at BER of 10 −9 . According to the result in Fig. 4 , the optimum distance for TLCDM over WDM system is around 142 km of transmission system. The result shows that TLCDM over WDM system has better performance at long distance by using dispersion management technique. The deployment of pre-DCF and two stage EDFA in the design prove that it helps for better performance in long haul transmission system.The result verifies that the performance of TLCDM over WDM is convenient for long haul transmission system.
IV. CONCLUSION
The TLCDM over WDM system with dispersion management is investigated in this project. The system is evaluated at two channels with aggregated bit rate of 10 Gbps. By using optimum cut-off frequency of Gaussian low pass filter and Gaussian band pass filter at 18 GHz and 37 GHz, the performance of TLCDM over WDM shows the best result. The input signal play important role to find the optimum received power of the system to achieve BER at 10 −9 . With 142 km for the distance of the TLCDM over WDM system, it is shown that TLCDM over WDM system can maintain a better performance for long haul transmission system.
